Abstract. In this study, FO membrane was fabricated by Layer-by-Layer (LbL) coating technique using Poly (sodium 4-styrene-sulfonate) (PSS) and Poly (diallyl-dimethylammoniumchloride) (PDADMAC) as the active polyelectrolytes. Different concentrations of polyelectrolytes and deposition time of polyelectrolytes were investigated. The success of the coated layer was confirmed using ATR-FTIR and FESEM images. The membrane performance was determined by water flux and reverse solute diffusion (RSD) using pure water and 1.75M Na2SO4 as feed and draw solution, respectively. It was observed that the highest water flux, 6.76 L/m 2 • h was recorded at the lowest polyelectrolytes concentration and longer deposition time. Meanwhile, the minimum RSD was achieved by the membrane fabricated at the longest deposition time and highest polyelectrolyte concentration.
Introduction
Reverse Osmosis (RO) is a common technology used for seawater desalination. However, its drawback due to high membrane fouling and higher energy consumption cannot be avoided. Although reverse osmosis process has a higher fouling rate of membrane and requires a lot of energies to produce clean water, many companies still apply reverse osmosis technology for seawater purification as thermal desalination method requires a higher cost and energy consumption while forward osmosis lack the technology to produce a better membrane than reverse osmosis [1] [2] [3] . Forward Osmosis (FO) which is considered as a new technology could be beneficial due to its low fouling tendency and low energy consumption. Considered as a quite new technology, many previous studies placed focus on investigating the draw solutions, process optimization, and membrane fabrication.
One of the main challenging issues that prevented the large-scale application of forward osmosis in seawater purification is the membrane itself. Among the limitations of the current FO membrane is the detrimental loss of driving force caused by the concentration polarization [4] . Besides that, reverse salt diffusion (RSD) is another issue for forward osmosis membrane. Thus, the properties of the FO membrane play a significant role to improve the FO process. A comprehensive review of the chemical modification of membranes for FO application has been thoroughly discussed by Wenxuan et al. [5] which include interfacial polymerization (IP), dip coating, chemical grafting, and Layer-byLayer (LbL) approach. LbL method is normally used for nanofiltration membrane fabrication using UF membrane as the support substrate and it is also applied for fabrication of FO membranes [6, 7] . However, the fabrication of FO membrane by using LbL method was limited to certain polyelectrolytes including PSS/PAH [6, 8] and Chitosan/polyacrylic acid [7] . Therefore, the objective of this research is to develop a forward osmosis membrane by Layer-by-layer method using Poly (sodium 4-styrene-sulfonate)(PSS) and another polyelectrolyte, namely, Poly (diallyldimethylammoniumchloride) (PDADMAC) as the active polyelectrolyte .
Aldrich. The NaCl was purchased from Merk Co. The membrane substrate selected was commercial membrane polyethersulfone (PES) ultrafiltration membrane (UFPES50, 50kDa of MWCO) from Amfor Inc., China.
Membrane Modification.
From the prepared 1000mL PSS and PDADMAC solutions, 10mL of 0.5% wt of both polyelectrolyte solutions was taken out and poured into two separate beakers. Prior to this, the unmodified ultrafiltration was wet overnight with deionized water to remove its protective layer [9] . The ultrafiltration membrane was then placed into a frame which only exposed 1 side of the membrane to the atmosphere. The 10ml solution of polycation which was the PDADMAC was poured on the exposed surface of the membrane first because the ultrafiltration substrate was negatively charged [10] . Then, the membrane was left to react with PDADMAC solution for 5 minutes. Next, the membrane was removed from the frame and rinsed with deionized water for 3 minutes to remove any unreacted polymers. After that, the rinsed membrane was fixed again on the frame with the same exposed surface. Furthermore, 10ml solution of polyanion which was the PSS was poured on the exposed surface and left to be reacted with the membrane for 5minutes. The membrane was then rinsed with deionized water and 1 bilayer of polyelectrolytes was successfully formed on top of the membrane substrate. The last 4 steps were repeated until 5 bilayers of polyelectrolytes were formed on top of the membrane substrate. The membrane fabrication was then repeated with different concentrations of polyelectrolyte solutions (0.5% wt, 1.0% wt and 1.5% wt) and also with different deposition time of the polyelectrolyte (5minutes, 10minutes, and 15minutes). Thus, a total of nine membrane samples were prepared.
FTIR Spectroscopy Analysis.
By using FTIR spectroscopy (Perkin Elmer, Spectrum 100), the successfully coated polyelectrolyte on the membrane surface was determined through its functional groups' spectrum. The spectra of the membrane surface were collected from five different spots with a resolution of 4 cm -1 .
Preparation of Draw Solution.
For this experiment, Na2SO4 was selected as the draw solution and it was prepared by dissolving 248.58g of solid sodium sulphate (Na2SO4) into 1L of deionized (DI) water. Na2SO4 was purchased from Merck Co. Na2SO4 was chosen as it could generate high flux and has a relatively low replenishment cost [11] .
Forward Osmosis Experiment.
Firstly, a membrane was inserted between two chambers that separate the feed and draw solution. The membrane was orientated such that its active layer (the layer that was coated with polyelectrolytes) was facing the feed solution (DI water as feed). Secondly, the 1L of 1.75M Na2SO4 solution was poured into respective beakers. Then, the initial weight of feed solution was weighted and recorded using a digital balance and the weight changes were recorded for 2 hours in 5 minutes' interval after the peristaltic pump was turned on to calculate the permeate flux. Peristaltic pump was used to circulate the feed and draw solutions at a constant volume flow rate of 150ml/min was set throughout the experiment. Both of the initial and final conductivity values of the feed and draw solutions were measured and recorded using a conductivity meter. The conductivity values in the feed were converted to concentration using a calibration curve to determine the reverse salt flux. After running the experiment for 2 hours, the apparatus was cleaned by using DI water and the experiment was repeated for the next membrane samples.
Analysis of the Experimental Data.
Due to the fact that the membrane samples have high salt rejection characteristic, the permeate flux was assumed to equal to the water flux as the concentration of salts in the permeate flux was negligible. Hence, the water flux, Jw (L/m 2 .h) of the FO system was calculated using equation 1 [12] .
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The mass changes of the collected permeate at specific permeation time, ∆t, were then converted to volume, ∆V using water density correlation.
J w = ∆V A∆t where: A, effective area of membrane (m 2 ) The reverse salt flux was a measurement of the diffusion of draw solute to feed solution. The reverse salt flux, Js (g/m 2 .h), was determined using equation 2 [13] .
where: C0 and Ct are the initial and final concentration of Na2SO4 in feed solution (g/L), respectively. V0 and Vt are the initial and final volume of feed, respectively while t is the total time (h) taken to complete a set of experiment. Reverse flux selectivity, Jw/Js could provide the basis for selecting a membrane where the higher value of Jw/Js indicates the membrane poses a higher water flux while the loss of draw solutes is minimized simultaneously. Therefore, the optimum modified membrane can be identified based on the highest reverse flux selectivity. The reverse flux selectivity, Jw/Js was determined using equation 3 [14] .
Reverse flux selectivity = J w J s
Results and Discussion
FTIR Spectroscopy Analysis. Figure 1 shows the transmittance against wavelength of unmodified UF membrane and modified membrane with PSS and PDADMAC solution. From Figure 1 , both modified membranes had an additional peak at 1035 cm -1 . This shows that the deposition of PDADMAC/PSS coatings had successfully deposited on the UF membrane surface which can be attributed to the sulfonate stretching the PSS and the C-N stretching of PDADMAC [15] . These functional groups might have come from the chemical PDADMAC/PSS as an effective coating layer solution. Besides that, it can be observed that the modified membrane with 1.5wt% of PDADMAC/PSS concentration has a higher intensity than the modified membrane with 0.5wt% of PDADMAC/PSS concentration. This could mean that more polyelectrolytes were bonded on the membrane surface when using a higher concentration of polyelectrolytes deposition solution. 
Effect of Polyelectrolytes Deposition Time and Polyelectrolytes Concentration on Water Flux.
Based on Figure 2 , the highest water flux recorded was 6.76 L/m 2 • h at the deposition time of 15minutes with 0.5%wt concentration of polyelectrolytes while the lowest flux was 3.22 L/m 2 • h at the deposition time of 5minutes with 1.5%wt concentration of polyelectrolytes. The water flux continuously increased with the increasing deposition time of polyelectrolytes for 0.5%wt polyelectrolytes concentration and peak at 6.76 L/m 2 • h when the polyelectrolyte deposition time was 15minutes. Besides that, the water flux for 1.0%wt polyelectrolytes concentration and 1.5%wt polyelectrolytes concentration also showed similar results whereby the water flux increased when the polyelectrolytes deposition time increased and the water flux peak at 6.29 L/m 2 • h and 5.49 L/m 2 • h respectively. Thus, the graph has shown that higher polyelectrolytes deposition time leads to higher water flux. A possible reason for this phenomenon is that the reconfiguration of polyelectrolyte layers was a slow process. The conformation of newly deposited polyelectrolytes changed slowly to lower the overall energy and maximize the interaction with the support [16] . Therefore, the polyelectrolytes pores were slowly formed during the LbL coating process in which longer deposition time could increase the pore size. Hence, a longer deposition time leads to higher water flux.
On the other hand, the water flux increased as the concentration of polyelectrolytes decreased. From 5min until 15min of polyelectrolytes deposition time, all the water flux peak at 0.5%wt polyelectrolyte concentration which were 4.75 L/m 2 .h, 5.20 L/m 2 .h, and 6.76 L/m 2 .h, respectively followed by 1.0%wt polyelectrolytes concentration and then 1.5%wt polyelectrolytes concentration. According to Zaidi & Fadhillah [17] , higher polyelectrolytes concentration promoted faster adsorption and stronger electrostatic force, thus, more polymer chains were adsorbed within the deposition time resulting in thicker polyelectrolytes bilayers. Izquierdo et al. [18] reported that the thickness of polyelectrolytes bilayers was affected by the polyelectrolytes concentration whereby thinner polyelectrolytes bilayers were formed when the polyelectrolyte concentration was lower. Thicker polyelectrolytes bilayers will result in a higher overall hydraulic resistance, hence, lower water flux was recorded [19] . Therefore, the results obtained in this experimental work were similar with past research whereby lower polyelectrolytes concentration could obtain a higher water flux. 
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Material Science Technology and Global Sustainability II concentration and 1.5%wt polyelectrolytes concentration also showed similar response whereby the reverse salt flux decreased when the polyelectrolytes deposition time increased. Thus, the graph depicted that the higher the polyelectrolytes deposition time, the lower the reverse salt flux. This happened since the reconfiguration of polyelectrolyte layers was a slow process, hence, the adsorption and relaxation of compact PDADMAC/PSS bilayers cannot be completed within a short time [16] . Therefore, a higher number of polyelectrolytes bonds were formed during longer LbL coating process. Hence, a longer LbL polyelectrolytes deposition time leads to FO membrane with lower reverse salt flux. Besides that, the reverse salt flux decreased as the concentration of polyelectrolytes increased. At 1.5%wt polyelectrolytes concentration, all the reverse salt flux recorded for different polyelectrolytes concentration were the lowest, followed by 1.0%wt polyelectrolytes concentration, and then 0.5%wt polyelectrolytes concentration. According to Miller & Bruening [20] , salt rejection is likely to be influenced more by surface charge than by bulk film. Hence, higher polyelectrolytes concentration resulted in more formation of polymer chains on the membrane which contributes to a higher surface charge. Polyelectrolytes membrane with a higher surface charge will have higher selectivity towards salt. 
Determine the Best Modified Membrane.
Reverse flux selectivity, Jw/Js could provide the basis for selecting a membrane where the higher Jw/Js value indicates the obtained maximized water flux while minimizing the loss of draw solute [14] . Therefore, the optimum modified membrane is chosen based on the highest reverse flux selectivity as tabulated in Figure 4 . From Figure 4 , it is clear that membrane modified at 1.5wt% and 15 minutes' deposition time exhibited the highest value of Jw/Js. 
Conclusion
From the results obtained, polyelectrolyte membrane was successfully produced by LbL method using PDADMAC and PSS as active monomers. These polyelectrolytes were used to modify the membrane to enhance the water permeability and reduce the reverse salt flux of the membrane. From the results, longer polyelectrolytes deposition time had better water flux and lower reverse salt flux. Besides that, higher water flux and lower reverse salt flux were observed when using a lower concentration of polyelectrolytes. The best modified FO membrane was found with membrane fabricated using 1.5%wt concentration of polyelectrolytes and 15 minutes deposition time. 
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